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PREPARED FOR: Lower Boise River Water Quality Plan
PREPARED BY: Stephen D. Miller/CH2M HILL

DATE: July 27, 1998

Objectives

This technical memorandum (TM) was prepared to partially fuifill the requirements of Task
Order 8 under CH2M HILL'’s contract with the Lower Boise River Water Quality Plan
(LBRWQP). The objective of this task was to develop load allocations and wasteload
allocations for sediment for the lower Boise River watershed. A companion TM has been
prepared for bacteria allocation.

Background

This memorandum describes the loading analysis and allocation of sediment for the lower
Boise River from Lucky Peak Dam to the mouth. For this analysis, “sediment” is expressed
as total suspended sediment (TS5) in terms of mass per unit volume (mg/L). A quantitative
assessment of sediment-related water column (TSS and turbidity) and substrate (percent
embeddedness and pebble count) data for the lower Boise River is described in the
“Sediment Problem Assessment for the Lower Boise River TMDL” (Miller 1998a).

Parameter Selection

TSS was selected as the basis for the lower Boise River sediment load analysis for the
following reasons:

* Based on the relationship between turbidity and TSS data collected in the Boise River at
Parma, the existing numeric water quality standard for turbidity was found to be
unprotective of aquatic biota, at least in the vicinity of Parma (see Miller 1998a).

* Setting 2 load capacity for TSS will reduce the sediment infiux to the river, which
contributes to substrate embeddedness from Middleton downstream.

* The largest sample size, longest period of record, and most frequently sampled
sediment-related parameter for the TMDL study area is TSS.

Instream TSS Targets

Because Idaho does not have a numeric water quality standard for TSS, the narrative water
quality standard was translated into measurable water quality targets shown in Table 1. A
complete description of the literature review and analyses used to establish these targets is
presented in “Selection of a Total Suspended Sediment (TSS) Target Concentration for the
Lower Boise River TMDL” (Miller 1998b).
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TABLE 1
instream TSS Targets

Concentration Averaging Period
(mg/L) Averaging Statistic (days)
50 Geometric Mean 60
80 Geometric Mean : 14

Hydrologic Seasons

A description of the regulated flow regime of the lower Boise River is included in the
“DRAFT Subbasin Assessment for the Lower Boise River” (IDEQ 1998). In general, there are
three predominant hydrologic flow seasons based on main stem river conditions. These
seasons are listed in Table 2.

TABLE 2
Hydrologic Seasons

Season Name Time Period
High-Flow February 15 - June 14
Irrigation Flow . June 15 - October 14
Low-Flow October 15 - February 14

It is important to realize that the seasonal names and time periods listed in Table 2 are
meant to describe the dominant flow regime in the main stem Boise River during a typical
year. It should be recognized, however, that the flow characteristics of the system will —
change somewhat from year-to-year in response {0 varying snowmelt or drought-
conditions, for example.

With this in mind, from approximately February 15 through fune 14, main stem flow
releases from Lucky Peak Dam are governed pred ominately by flood control—although
demands for irrigation begin as early as April 1. Thus, irrigation diversions occur during
approximately the last 63 percent of the high-flow season. During the drought of 1992 there
were no flood control releases.

During a typical irrigation flow season defined in Table 2, main stem flows are governed
predominately by irrigation demands. However, there have been wet years such as 1996
when flood flow releases occur beyond June 15 and diversions occur prior to April 1 to
provide additional capacity in the main stem river for flood control.
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Description of Available Data

Flow and TSS data sources and sampling locations are described in Miller (1998a) and Idaho
Division of Environmental Quality (IDEQ 1998). Additional information is provided below
for further detail.

Flow

Main Stem Boise River. Daily average flows were obtained from published 1.S. Geological
Survey (USGS) records for the gages located at each of the four main stem water quality
sampling stations (Miller 1998a). A description of the available data 15 presented in Table 3.

TABLE3
USGS Fiow Data Available for the Lower Boise River at the Four Main Stem Water Quality Sampling Stafions

Gaging Station Name Station Number Period of Record Missing Days
Boise River below 13203510 October 29, 1986, through 0
Diversion Dam September 30, 1994
Boise River at Glenwood 13206000 March 2, 1982, through 0
Bridge near Boise November 2, 1897
Boise River near 13210050 December 10, 1974, through 1598
Middleton September 31, 1990 (jow-

flow periods only)

October 1, 1990, through
October 13, 1297 351

Botse River near Pama - 13213000 August 26, 1971, through 0
October 8, 1997

Daily average flows from the USGS gage near Middleton were correlated with concurrent
data recorded near Parma for the period of August 26, 1971, through October 8, 1997. The
correlation is shown in Appendix A. The modeled daily average flows were used. for the 351
missing days of record at Middleton, which occurred primarily from January through June
of 1996 and 1997, respectively. '

Drains and Diversions. Historical daily average flows for the tributaries, drains, and
diversions were obtained from the Idaho Department of Water Resources (IDWR). Period of
records typically go back as far as 1977; however, the most complete data are from 1990
through 1997. With the exception of water year 1997, the coverage of data within each year
is from April 1 through October 31—consistent with the irrigation diversion period. For
water year 1997, daily average flows are available for some of the major tributaries and
drains during the low-flow months. A list of the names, IDWR station numbers, and
approximate river mile for all the tributaries, drains, and diversions is included with the
mass balance described below (see Appendices B through E). A schematic showing the
relative locations of the drains and diversions is included in IDEQ (1998).

Point Sources. The three major wastewater treatment facilities (WWTFs) that discharge
directly to the Boise River are Boise’s Lander Street and West Boise WWTFs and Caldwell’s
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WWTF. Daily average effluent flows from the time periods listed in Table 4 were used to
compute the existing, seasonal average WWTF effluent flows.

TABLE 4
Period of Analyses for WWTF Effluent Flow

WWTF Period of Record Analyzed
Lander Street WWTF February 1, 1893 — November 20, 1998
West Boise WWTF January 1, 1993 — November 20, 1996
Caldwelt WWTF January 1, 1993 — December 31, 1996

TS5

Monitoring locations, sampling dates, measured TSS values, and sample sizes for all main
stem locations and major tributaries and drains are described in Miller (1998a). For the point
sources, daily average TSS effluent concentrations from the time periods listed in Table 5
were used to compute seasonal average TSS concentrations.

TABLE S
Period of Analyses for WWTF Effluent TSS

WWTF Period of Record Analyzed
Lander Street WWTF February 1, 1993 — November 25, 1996
West Boise WWTF January 1, 1993 - November 23, 1996
Caidwell WWTF January 1, 1993 ~ December 31, 1996

TSS Load Capacities for Middieton and Parma Control Points

Analysis of Low, Median, and High-Flow Years

USGS flow records for the Boise River near Boise gage (USGS station number 132(2000),
which represents flow from Lucky Peak Dam, were analyzed to select a low, median, and
high-flow water year (WY). Based on the total annual discharge, the low-flow WY is 1992.
The high-flow WY is 1996. WY 1995 was selected as the typical year for the following
reasons: 1) based on total annual discharge for WY 1928 through WY 1996, WY 1995 is
within 5 (out of 69 total) years of the actual median WY; 2) based on post-Lucky Peak Dam
flows (WY 1953-1996), WY 1995 is within 3 years of the achual median WY; 3) WY 1995 is
more current and therefore more representative of the current watershed conditions than
the actual median years of 1948 and 1964 for cases 1 and 2 above, respectively; and 4) water
quality monitoring for the lower Boise River TMDL was ongoing during WY 1995.
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Figures 1 and 2 illustrate the median and average flows, respectively, at the mouths of the
major tributaries and drains during the high-flow season of 1992, 1995, and 1996. Figures 3
and 4 illustrate similar data for the main stem Boise River. Based on avera ge and median
flows during the high-flow season, these figures illustrate that, for the selected years, the
flows at a given location can vary substantially. Although the main stem river experiences a
proportionately larger range in flow variation than do the tributaries and drains, the range
of flow in the tributaries and drains is substantial. For example, for the 11 tributaries and
drains shown in Figure 1, the difference between the 1996 and 1992 median flows, expressed
as a percent of the 1995 median flow, averages 56 percent. Because flow conditions in the
main stem, tributaries and drains can vary substantially between two different years, load
capacities were calculated for the low-, median-, and hi gh-flow years.

Seasonal Critical Flows and Load Capacities

As described in Miller (1998a), there is a poor relationship between TSS concentration and
discharge in the lower Boise River. The only fairly consistent relationship between TSS and
discharge is the occurrence of a “first flush” effect (i.e., a TSS spike concurrent with a
significant rising Emb of the hydrograph). Because TSS data were collected roughly once
every 2 months, or monthly at best, it is difficult to determine the duration of the elevated
TSS concentrations.

Because of the high degree of scatter in the TSS versus discharge rating curve, determination
of the seasonal critical flow conditions included consideration of the different land uses,
land management practices, and timing of these practices such as irrigation. All of these
factors were related to the seasonal TSS data and hydrologic regime of the watershed. Only
the high and irrigation flow seasons were analyzed because the TSS concentrations in the
Boise River did not indicate a need for a low-flow season TSS allocation (see Miller 1998a).
The critical flow condition for any given year during either the high or irrigation flow
season was determined to be a low-flow condition in the main stem river with contributing
Hows from the irrigation return drains. This scenario results in a full contribution of TSS
from the major source—irrigation return drains—and the least available water for transport
and dilution in the main stem river. -

For the lower Boise River, the critical fiows are defined as the minimum 30-day and 7-day
average flows within each season. This definition is based on the fact that the primary
impact of TS5 in the lower Boise River is on the aquatic biota; thus, the seasonal critical
flows are based on one-half of the averaging periods associated with each of the TSS target
concentrations (Table 1). Recall that the TSS target concentration averaging periods are
based on analyses of duration-of-exposure of aquatic organisms and habitat to TSS (Miller

1998b).

One-half of the averaging periods are used because the minimum 30- or 7-day average flow
period during the irrigation flow season could follow immediately after the respective 30- or
7-day average flow period of the high-flow season. If this should ever occur, the combined
duration of the two seasonal critical flow periods would not exceed the duration of the TSS

target averaging period.

The seasonal load capacities are computed by multiplying the minimum 30- and 7-day
average flows by the 50 and 80 mg/L TSS target concentrations, respectively. Table 6 lists
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the critical flows and load capacities computed for the high and irrigation flow seasons for
each of the low, median, and hi gh-flow years at Middleton and Parma.

TABLE &
Seasonal Critical Fiows and Chronic and Acute TSS Load Capacities for Middleton and Parma

Middleton Parma

irrigation Flow Irrigation Flow
High-flow Season Season High-flow Season Season

1992 1995 1936 ;;1992 1995 1936 | 1892 1993 1996 | 1982 1895 1996

Chronic Target
Critical Flow 152 257 2498 . 151 380 209 | 233  eg7 3990 | 160 968 1038

(cts)

Load Capacity 20 35 337 | 20 51 40 | 31 9 538 @ 22 131 140
{T/day)

Acute Target

Critical Flow 121 237 1298 133 348 207 167 577 2710 113 852 789
(cfs) :

Load Capacity 26 51 280 | 20 75 45 | 38 124 585 ' 24 184 170
{Tiday) : ;

By analyzing the system on a seasonal basis, the critical flow and load capacity calculations
are more sensitive to the seasonal characteristics of the watershed. In ad dition, since the
critical flows represent low-flow scenarios, this ensures the resulting allocations consider
aquatic life and beneficial uses under a low-flow river condition.

Existing and Critical Conditions Analyses

Mass Balance Development

A main stem TSS mass balance was developed to evaluate TSS sources; TSS fate in the river
system; instream, longitudinal TSS concentrations and loads; quantification of TSS load
reduction scenarios; and sensitivity analysis. Twelve different mass balances were
developed—one for each TSS target condition (i.e., 50 mg/L and 80 mg/L chronic and acute
targets, respectively) for both the high and irri gation flow seasons for 1992, 1995, and 1996.

Flow Period. In order to achieve, or approach a good flow balance, and thus mass balance, it
was necessary to analyze the system synoptically. It was found that the critical flows at the
main stem stations did not oceur over the same 30-or 7-day period; it was necessary to
define a specific period of interest to be analyzed so that a synoptic flow balance could be
achieved. Because the Parma location exhibits the highest (i.e, most critical) river TSS
concentrations, the occurrence of the Parma critical flow period was used to define the
periods to be analyzed in the mass balances. Table 7 lists the start dates of the critical flow
periods at Parma. The seasonal flow values for all locations in the mass balance except the
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three WWTFs are the 30-day (chronic conditions) or 7-day (acute conditions) average flows
concurrent with the critical, or minimum 30- or 7-day average flow at Parma, respectively.

TABLE 7 :
Start Dates of the Critical Flow Periods at Parma

Start Date of Occurrence

Year Season Min. 30-day Average Min. 7-day Average
1892 High-Flow March 24 March 30
Irrigation Flow August 21 August 29
1995 High-Fiow March 12 April 2
irrigation Fiow August 19 August 22
1996 High-Flow April 18 May 4

i .‘W"’i

L F
I

trrigation Flow June 28 June 29

Point Sources. For the point sources, flows were based on the arithmetic mean of the daily
average effluent flows computed by season during the time periods listed in Table 4. The
TS5 concentrations for the point sources were based the arithmetic mean of the daily TSS
effluent concentrations computed by season during the time periods listed in Table 5.

Tributaries, Drains, Main Stem Stations, and Diversions. For all tributaries, drains, and main
stem stations (which are essentjally calibration points), the 1990s geometric mean TS5
concentrations were used in the mass balances. Because of the sample sizes, it was not
feasible to use data from only one individual year and season. For a detailed description of
the tributary, drain, and main stem TSS data, refer to Miller (1998a).

Field-measured TSS data were available for 14 of the 18 tributaries, drains, and point
sources. TSS data were not available for: Drainage District No. 3, Star Feeder, Long Feeder,
and Watts Creek. Because all of these drains are located within the Boise River subbasin (see
Figure 8 in IDEQ [1998]), surrogate TSS concentrations were computed based on the average
T35 concentration of the three other monitored drains from the same subbasin: Eagle Drain,
Thurman Drain, and Mason Slough. Other means of establishing surrogate TS5
concentrations for these four drains were explored, such as relationships between TSS
concentration and land use or subbasin area, but none resulted in a consistent and
meaningful relationship that was applicable. The TSS concentrations for the diversions were
based on the mass balance-computed river concentration at the point of diversjon.

Groundwater. With the exceptions described below, median seasonal groundwater inflows

as determined by Smith (1998) were used in the mass balances. Smith (1998) computed main-
stem seasonal groundwater inflows per reach using data from October 1989 through
September 1997. For the mass balance analyses, the seasonal median values were distributed
proportionally by river mile along each reach defined by Smith (1998).

The groundwater inflows used for the 1992 high-flow season, chronic and acute mass
balances, and the 1995 high-flow season chronic mass balance were based on a refinement of
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Smith’s (1996) results to improve the accuracy of the mass balances. These balances were
refined because the associated critical flow periods at Parma occurred prior to April 1 when
no diversions were occurring. Because the magnitude of groundwater inflows during these
critical periods would be expected to be different from seasonal groundwater contributions
computed over a number of years—the same methodology that Smith (1998) used to
compute the seasonal groundwater inflows was used to compute the groundwater
contribution on a reach-by-reach basis specific to the critical 30- or 7-day period. This was
especially important for 1992 since it was a severe drought year.

Mass Balance Setup and Structure, Appendices B and C contain the existing conditions mass
balances for 1992, 1995, and 1996 high-flow season using the chronic (50 mg/L) and acute
(80 mg/L) TSS targets, respectively. Appendices D and E contain the existing conditions
mass balances for 1992, 1995, and 1996 irrigation flow seasons using the chronic and acute
TSS targets, respectively.

For the Parma station, the mass balance column titled “Measured Flow (cfs)” is the seasonal
critical flow (defined above) for each target condition (chronic or acute). For all other
locations, it is the average flow computed for either the 30- or 7-day period during which
the respective critical flow period occurred at Parma. The bold-bordered cells in the
“Concentration {mg/L)” column are based on the measured TSS data described above. The
TS5 concentrations for the diversions are based on the mass balance-computed river
concentration (see “River Concentration (mg/L)” column) at the point of diversion. The
“Incremental Daily Mass Load (T/day)” column is the TSS load computed for each main
stem gaging location, tributary, drain, or diversion. The “Incremental Groundwater Flow
(cfs}” is the local groundwater inflow (computed as described above) that enters the main
stem river between the location for which it is listed and the previous upstream location.
The “Groundwater Concentration (mg/1L)"” refers to the groundwater TSS concentration that
was assurned to be zero. The next three columns in the mass balance spreadsheet are the
computed river flow, TSS concentration, and TS5 load in the main stem river at each
location. The final column is percent reductions applied to the tributaries, drains, and point
sources. The percent reductions are zero for the existing conditions.

The main stem gaging locations are shaded on the mass balance spreadsheet because these
are the calibration points along the river. The unbordered values in the shaded row
imumediately below each main stem gaging location represent the difference in the mass
balance-computed flows and loads compared to the measured values at that location. The
associated, unbordered TSS concentration {in the “Concentration (mg/L)” column) is back-
calculated from the differential flow and load. The bordered river flow, concentration, and
load on the right side of the shaded row immediately below each main stem gaging location
allows values to be reset so that the error at the calibration point is not carried downstream
in the calculations.

Mass Balance Analyses and Results

Seasonal Mass Balance Analyses for 1982, 1995, and 1996. To use the mass balance as a tool
for analyzing TSS loads in the river, the flows must be reasonably balanced. Figures 5 and 6
show a comparison of the mass balance-computed flows and the measured flows at the
USGS gage near Middleton for the high and irrigation flow seasons, respectively. Figures 7
and 8 illustrate the same data for the flows at the USGS gage near Parma. The difference
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between the computed and measured flows is shown on the figures as a percentage of the
measured flow.

Figures 9 through 12 show the seasonal mass balance-computed TSS loads, measured TSS
loads, and TSS load capacities from Table 6. As Figures 9 and 10 illustrate, neither the mass
balance-computed loads nor the measured loads at Middleton exceed their respective load
capacities for any year, season, or target condition. There are, however, load capacity
exceedances during the high and irrigation flow seasons at Parma. Differences between the
mass balance-computed loads and measured loads are discussed below.

Measured versus Mass Balance-Computed Flows and Loads. To use the mass balance analysis
as an effective tool for investigating the TSS loads in the river, the computed flows should
balance at least reasonably well to the measured flows. This will ensure that the difference
between the computed and measured loads is not attributable to a flow imbalance. Having
the flows balanced also helps to define the seasonal scour and depositional cycles in the
river.

As mentioned above, only during the 1992 and 1995 high-flow season did the computed
loads at Parma exceed the load capacities (Figure 11). However, when considering the
magnitude of the flow imbalance for the 1995 high-flow season acute target conditions, the
computed loads for this scenario should not be relied upon (see Figure 7). Similarly, for the
1992 high-flow season acute target conditions, there is a 35 percent error in the flow balance
at Parma. This, coupled with a computed river TSS concentration 60 percent greater than the
measured, resulted in a computed load 115 percent larger than the measured load. Because
of these discrepancies, the mass balance for that scenario was considered unreliable for
decision-making.

The mass balance-computed river flows for the 1995 high-flow season chronic target
conditions at Parma were 77 cfs greater than the measured flows (12 percent error). The
measured TS5 concentration at Parma was 26 mg/L less than computed. The resulting
computed load at Parma was 62 percent greater than the measured ioad (Figure 11).

The mass balance scenario that resulted in the smallest flow imbalance during the high-flow
season at Parma was the 1992 chronic target conditions (Figure 7). For this scenario there
was a 9 cfs difference between the computed and measured flows at Parma (4 percent error).
There was a 14 mg/L difference between the computed and measured TSS concentrations,
and a 25 percent difference between the computed and measured loads. This scenario
represents the lowest, or most stringent load capacity, and a low-flow main stem river
condition during which significant irrigation return flows were occurring.

The measured load based on the chronic target conditions during the 1996 high-flow season
exceeded the load capacity by 16 percent (Figure 11). However, the respective computed
load was well below the load capacity. These results suggest a scour condition since the
measured load exceeded the computed load. Thus, this exceedance was due to resuspension
of in-channel sediment in addition to the tributary and drain contributions during the
season. These conditions are indicative of what mi ght be expected in the main stem river
during an early season high-flow event. Indications of scour and depositional cycles are
explored below. '
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Scour and Depositional Cycles. The difference between the mass balance-computed TSS
loads and the measured loads is likely due to the natural scour and depositional cycles of
the river, so long as the analysis is based on balanced flows. Higher computed than
measured TS5 loads for the 1992 high-flow season chronic target condition (when flows
were balanced well) indicates sediment deposition. Because 1992 was a drought year,
deposition would be expected under the conditions that existed in the lower Boise River
watershed during 1992. For example, May 1992 was the driest month on record for rainfali
at Boise (IDWR undated). Also during 1992, warm temperatures early in the growing season
resulted in very high irrigation demands (IDWR undated). Heavy irrigation over dry soils
during a low-flow condition in the main stem river comprises a condition conducive to

'deposition.

Because scour and depositional trends would be expected to vary over the short term, the
mass balance was applied to each of the three seasons over the most recent 8-year (longer
term) period (water years 1990 through 1997). The purpose of the analysis was to see if the
scour and depositional trends would indicate channel equilibrium, deposition, or )
aggradation. This somewhat “gross” analysis suggested that the low-flow and high-flow
seasons were depositional seasons, and the irrigation flow season was a scour season. The
net effect of the three seasons averaged over the 8-year period indicated a slight
depositional trend at Parma. This result is consistent with the findings of Thomas and Dion
(1974) who stated that the channel in the Boise River Valley has aggraded.

Determination of the Critical Condition Based on Required Reductions. The percent reductions
from the measured and mass balance-computed Ioads at Parma necessary to meet the
appropriate load capacities were presented above, Recall from Figures 9 and 10 that for all

3 years, seasons, and target conditions analyzed, the load capacities at Middleton were not
exceeded; thus, meeting the load capacity at Parma is the main issue. This section describes
the analyses used to determine the reductions in loads from the various tributaries, drains,
and point sources required to achieve the load capacity at Parma. Two methods of
reductions were investigated using the mass balance analysis: equal percent reduction and
equal concentration discharge. _

The first method required an equal percent reduction from all tributaries and drains so that
the load capacity was not exceeded at Parma. The second method required all tributaries
and drains with existing TSS concentrations above a certain level to discharge at an equal,
but lower, concentration until the load capacity at Parma was not exceeded. These
reductions were investigated for all 12 mass balance scenarios presented earlier. The 1992
high-flow season chronic condition was determined to be the most critical condition based
on the results and discussion presented in the previous three sections; the required
reductions from the tributaries, drains, and point sources; and because it represents the
most stringent load capacity and hydrologic conditions.

Based on the equal percent reduction method, a 34 percent reduction would be required to
meet the load capacity at Parma for the 1992 high-flow chronic condition scenario. Based on
the equal concentration discharge method, Fifteen Mile Creek, Mason Creek, Conway
Gulch, and Dixie Drain would have to discharge at a TSS concentration of no more than

77 mg/L. Reducing their existing concentrations to 77 mg/L equates to the following
percent reductions for these tributaries and drains: 46 percent (Fifteen Mile Creek);
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51 percent (Mason Creek); 36 percent (Conway Gulch); and 36 percent {Dixie Drain). The
mass balance reduction analyses for these scenarios are included as Appendix F.

Although the 34 percent equal reduction, or maximum TSS concentration of 77 mg/L,
would result in oad capacity compliance at Parma, the in-river chronic TSS target
concentration would be exceeded by a maximum of 3 mg/L over an approximately 2.5 mile
reach downstream of Dixie Drain. This is illustrated in Fi gure 13, which shows the mass
balance-computed in-river TSS concentraion from Middieton (river mile 31.2) to Parma

{river mile 3.5).

In order to achieve an in-river TSS concentration less than or equal to 50 mg/L everywhere,
the equal percent reduction requirement would be 37 percent. Likewise, the equal
concentration discharge would require the same tributaries and drains listed above to
discharge at no more than 73 mg/L. This would equate to the following percent reductions:
48 percent (Fifteen Mile Creek); 54 percent (Mason Creek); 39 percent (Conway Guich); and
39 percent (Dixie Drain).

Sensitivity Analyses. The 1992 high-flow season chronic condition mass balance was slightly
adjusted, or balanced, so that the computed flows and loads equaled those measured at
Glenwood and Middleton. In short, this meant using the measured load at Glenwood and
adding a balancing load of 2.6 T/ day at Middieton. The measured load at Glenwood was
used because the computed load significantly underestimated the measured value—s5
T/day computed versus 21 T/ day measured (see Appendix B). Reductions from sources
upstream of Glenwood (i.e., Drainage District #3 and the Lander Street WWTF) were
subtracted from the measured Joad of 21 T/ day. This adjustment, in addition to adding the
small balancing load at Middleton resulted in a longitudinal TSS mass balance that was
used for analyzing a variety of reduction and loading scenarios. These sensitivity analyses
are summarized in Table 8.

For the sensitivity analyses, the equal percent reductions were applied to all the tributaries
and drains from the Diversion Dam to Parma. The percent reductions shown in Table 8
result in the load capacity at Parma being met. The various point source load reductions 5 are
defined in the table for each case. Appendix G provides a summary of the point source data
used in the sensitivity analyses.

A significant finding of the sensitivity analyses is that the relative location of the sources,
diversions, and groundwater input to one another and the control points are very
important. For example, the influence of Fifteen Mile Creek and Dixie Drain on meeting the
load capacity at Parma is different largely because Dixie Drain is only approximately 6 miles
upstream of Parma, whereas Fifteen Mile Creek is approximately 24.5 miles upstream. The
primary result is the TSS load from Fifteen Mile Creek is diminished more than the load
from Dixie Drain because of the greater quantity of diverted TSS loads between the relative
sources and Parma.

Another important result of the sensitivity analyses is that TSS sources upstream of
Middleton have very little, perhaps negligible, effect on loads and needed reductions in the

river downstream of Middleton.

BOI982080008.D0CHA 17



Y A 1 {

|l 18AlY srewixoiddy
9 oL 4! 8l a2 92 o€

B

i
=
o

ableyos|q uonenusouo) .
lenb3 uo paseg —

uononpay

. ...,_w\m._m:Um_ uo paseg — |~

f
|
;
3
]
!
O
e

o
o\

i

|
o
o

o
=
(71/Bw) uonenusouo) SS1

/B g = uonelUsIUCY 18B1E| SS1 oI

-
o

i
r

f

|

|

f

i
o
O

Bulled O} UOIB|PPIN WO UoHRIIUBIUON) SS L
paIndwog-aouejeg sseyy JoAly aslog Jomo- ‘gL ainbi4




P PR T 2k ANLALLULATION FOR THS LOWER BOISE AIVER TMOL l

TABLE 8
Sensitivity Analyses Based on the Critica! Gondition and Equal Percent Reduction Scenarios

Equal Percent Reduction
trom Al Tribs and Drains
Required to Meet the Load

Case
Number Scenario Capacity at Parma
1 All point sources at zero load 34%
2 All non-point sources upstream of Middieton at zero foad (and 34%
point sources at existing loads)
3 Boise City WWTF Ioads at current permitied loads; other point 38%
sources (basinwide) at buildout loads added to tributaries to
which they discharge
4 Same as Case 3 except decrease non-point sources upstream 38%
of Middieton by only 10%
5 a. Same as Case 3 and reduce 50 mg/l target by 10% 45%
b. Same as Case 4 and reduce 50 mgh. target by 10% 45%
8 Same as Case 3 except no reduction upstream of Middleton 38%
7 Same as Case 3 except in-river TSS concentration at Middleton
set at:
a. 28.5 mg/L (50% increase above existing measured 38%
concentration) :
b. 38 mg/L (100% increase above existing measured 41%
concentration)
€. 45 mg/. (137% increase above existing measured 42%
concentration)
8 Same as existing conditions except Middieton set at: —_
a. Z8.5 mg/L 36%
b. 38 mg/l. . B7%
c. 45 mg/L 38%
d. 50 mg/lL 39%

BO952080005.00CHLA ) 15
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Recommended Lower Boise River TSS Load Allocation

Margin of Safety
An implicit margin of safety is appropriate for the Lower Boise River TMDL TSS allocation
for the following reasons:

* Reasonably extensive and reliable flow and sediment data are available.
* The TSS target concentrations are derived from the best available scientific literature.

s The flow and TSS data used for the TMDL analyses encompass the lowest, highest, and
typical flow conditions in the historical record for the lower Boise River.

* The seasonal analyses are more representative of the changing climatic and hydrologic
conditions compared to characterizations based on annual averages.

* Additional conservatism was gained by computing the Middleton and Parma load
capacities using flows computed from averaging periods of only one-half of the
recommended TSS target concentration averaging periods (resulting in lower flows and
therefore more conservative load capacities).

* The required TSS load reductions are conservative since the point sources, which were
included in the analyses, are likely discharging very little total suspended sediment and
more total suspended solids in the form of biomass that likely degrade relatively quickly
and are not as persistent as inorganic particles.

Background

The high flow season background TSS concentration at Diversion Dam, the upstream
monitoring location in the watershed, is 5 mg/L. Similarly, the background TS5
concentration for the irrigation flow season is 3 mg/L. These background concentrations
and associated loads are inputs to the mass balance analyses used to compute the required
T55 load reductions and allocations. Because of the extensive diversions, background TSS
ioads can only be handled in the mass balance analyses rather than as a subtracted load™
from the allocations (as implied by the TMDL equation). This is demonstrated by the fact
that the TSS load at Diversion Dam, or background load, exceeds the TSS load at Middleton
during the 1992 high flow season chronic conditions. Even though the TSS concentration at
Middieton exceeds that at Diversion Dam for this particular scenario, the flow below the
Diversion Dam is much greater than at Middleton.

Reserve for Growth and TSS Allocations

Three allocation workshops and several technical and watershed advisory group (WAG)
meetings were conducted to discuss the TMDL requirements, results of the mass balance
and sensitivity analyses, and various load reduction alternatives, During the June 11, 1998
WAG meeting, the WAG reached consensus on the following issues:

* Theinitial (excluding reserve for growth) wasteload TSS allocations for the point sources
should be set equivalent to the existing peak month flow times the permitted TSS
concentration.

BOISE2080005.000/A 20
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* A set-aside for growth for all the municipal point sources in the watershed should be
computed by multiplying the expected 20-year increase in the peak monthly flows times
the existing permitted TSS concentration. This set-aside will be a lumped allocation to be
shared among all the point sources in the watershed. Increased growth in agricultural
sources of TSS is not anticipated.

* The equal percent reduction method should be applied to the tributaries and drains
downstream of Middleton. The resulting loads should be discrete rather than a total
load to be shared amongst the numerous tributaries and drains; but trading mechanisms
should be allowed to achieve cost-effective overall load reductions.

No consensus was reached at the June 11 WAG meeting regarding whether or not the
equal percent reductions should apply to the tributaries and drains upstream of
Middleton.

Even though the lower Boise River is regulated, it is subject to relatively significant changes
in flow from year to year primarily due to drought and snowmelt conditions. Because load
capacities are computed from flows, they are subject to significant yearly variation. Thus,
meeting load capacities derived from a drought year like 1992 would be impractical during
extreme high flow years such as 1996. Thus, to establish the load all ocations, the 34 percent
(equal) reduction required to meet the load capacity at Parma based on the 1992 high flow
season chronic target conditions (i.e., critical conditions) is applied to the 1995 non-point
source loads. The 1995 non-point source loads are those computed for the high flow season
chronic conditions analysis (i.e., the seasonal geometric mean TSS concentration times the
30-day average flow concurrent to the minimum 30-day average flow at Parma for the
season). Table 9 lists the load allocations for the. non-point sources assuming the 34 percent
reduction would be applied to all the tributaries and drains including those upstream of
Middleton. It is understood that the WAG did not reach consensus on how to address non-
point sources upstream of Middleton, and the sensitivity analyses summarized in Table §
show that these upstream sources do not substantially affect the percent load reductions
downstream of Middleton. Thus, the calculations in Table 9 should not be viewed as an
endorsement of any particular method of load allocation upstream of Middleton. —

Note from Table 9 that although 1992 and 1995 were two considerably different hydrologic
years, the tributary and drain loads were comparable. This is because the tributaries and
drains are influenced predominantly by irrigation demands during both the typical and low
(dry) flow years, as opposed to the larger loads that result during a high flow year like 1996.
In fact, some of the tributaries and drains had lower achual loads in 1995 than in 1992. Also,
the sum of the allocated loads (derived from 1995 loads) is less than the sum of the 1992
loads—which are loads associated with the extreme low-flow year. Recall also that the
actual loads are loads computed from a low flow scenario—the 30 day average flow
concurrent with the minimum 30-day average flow at Parma. Thus, although 1995 is a
typical year, the equal percent reduction applied to the actual 1995 tributary and drain loads
results in a conservative load aliocation.

As shown in Table 9, the 1992 actual load computed for Indian Creek was a result of nearly
all of the flow being diverted out of the creek. This should be taken into consideration when
comparing the magnitude of the 1992, 1995, and allocated loads presented in Table 9. Even
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with the extremely low load in Indian Creek during 1992, the sum of the allocated loads is
still less than that for the 1992 actual loads.

TABLE &
Lower Boise River TSS Non-point Source
Load Allocation Assuming Equal Percentage Reduction to all Tributaries and Drains

Actual TSS Load (T/day)

Load Allocation
(T/day)Computed from
34% Reduction of 1995

Tributary/Drain 1992 1895 load
Drainage District #3 0.41 0.35 0.23
Eagle Drain @ Eagle 1.01 1.61 1.06
Thurman Drain 0.31 0.34 .22
Fifteen Mile Drain 17.40 28.60 18.88
Star Feeder 2.84 2.75 1.82
Long Feeder 0.75 0.56 0.37
Watts Creek 0.48 0.45 0.29
Mill Slough 1068 11.24 7.42
Willow Creek @ Middleton 3.78 3.62 2.39
Mason Slough 1.95 1.91 ' 1.26
Mason Creek 28.10 34.10 22.50
Hartiey {combined) 6.62 8.43 5.57
Indian Creek 0.16 8.11 6.01
Conway Guich @ Notus 11.67 11.34 7.48
Dixie Drain Near Wilder 32.20 41.12 27.14
Sum (excluding Indian Cr.) 116.19 146.42 86.64 -
Sum (including Indian Cr.) 116.35 155.53 102.65
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Appendix A
Daily Average Discharge Correlation Between

Middleton and Parma USGS Gages (8/26/71 — 10/8/97)
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Appendix B

High-Flow Season Mass Balances—
Existing Conditions Based on the
Critical 30-Day (Chronic) Flow Period
at Parma for: 1992, 1995, and 1996
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Appendix D
TSS Concentration Data: Sample Sizes,

Geometric Mean Concentrations, and
90th Percentile Concentrations



Calcutation of Geometric Means, S0th and 10th Percentiles of TS5 Cone. Data Set for Normal and Logrormal Distributions
Lower Boise River - Tributaries (Low Flow}

Mazan Cresk E Hartimy Orain W Hartiay Guich ndian Creex Conway Guich Dixre Drain

Yalus  Injvaius) Valve  In{vaius) Value  injvalue) Yaiie  Injvalue) Yaius  In{vaius} Yalue  in{vaiue)
Vane 1 17 283321334 55 400733319 3 1osesi2ee 17 2832100 31 34239877 30 amzozs0
Vale 2 28 133220451 41 271357207 10 230258509 36 2.s5805180 23 2.13549422 20 2998727
Vawe J 81 %4913 46  a828641¢ 15 27080502 47 28501475 22 109104245 30 240119728
Value 4 12 248490665 21 204452244 11 239789527 58 406044301 11T 47085302 25 azearsaz
Vae 5 47 38501476 35 2.55534806 6 L79TISRMY 30 sararie 58 4.06044301 22 1OTIokzs
Vakie 5 T3 429045544 52 39s124a72 18 285037176 33 249650758 48 asr1I0 79 42604475
Va7 15 27080502 33 2.49650756 150 sowsasze
Vaue 8§
Value 9

Vaiue {vaug) Yakie In{vaise} Yane M) Yaiue in{vaive} Vakue n{value) Valhue Wivaint)

Nurnber of Wik & 3 7 7 7 7 T 7 3 L ] ]
Mean 43.0000 A530s 37857 5043 13N4 2.2837 53.0000 3.7480 43,8313 37169 17.6667 34981
Stancard Deviabon 29.0586 0.7804 15,1924 0.4897 9.8947 0.7758 446915 0.6770 335299 0.622¢ 229666 0.5359
[-A'A 05758 02210 0.4013 0.1382 0218 03254 0.8432 0.1806 e.6087 0.1674 2.6057 0.1532
0 VIRVTIBT6 128172876 120172876 128172878 128IT2A76  L2MITIAVE 12B1TRNTE  1ISITI8TE  12AITIATE 128172878 128172876 128172876
210 STRAZIAT 12002181 120102189 -1.2410218) 124102181 124102181 126102181 -1 24102381 124902181 124102980 124102188 126102181

Normat  Log-Normet Mormal  Log-Nonmad  Nonmal  LogsNommal Normal LogNormel  Normal  Log-Mormal  Nomal  Log-Honmad

Ok on A Distriv Dnwution  Distnbution Dk [+ jon  Disribution D% jon  Diasi Crstnd Ois¥i
90U Puromntiie [ % 57 65 28 F- 110 1ot 92 1 &7 [*
10 Porcuniile 7 13 19 19 1 4 2 " ? 15 9 17
Gaometric Mean b 35 11 42 41 33
e G 2 2 2 2 F 2

Note: Dt prasanted hare were only used if Sampie sizes wers 2 4,
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Lower Boise River - Tributaries (Low Flow)

» 90th and 10th Perzentiies of TSS Conc. Data Set for Normal and Log-normal Distributinns

Esgle Drain Thurman Drein 5-Mlia Creek Ml Stough Willow Cresx Hason Slough
Value n{value) Yus n(valus} Ve Injvaiuse) Yalus valus) Yawe n{vaiue} Valus n{valug)

Vane 1 12 248430685 11 239789527 9 2419722458 23 313549422 3 08861229 202 50082577
Vaue 2 64 415838308 13 239789527 8 2oresanss 2% 236729580 13 256494926 120 +.85203028
vans 3 13 2.56494936 11 zagrmgsay

Vil 4 23 113543422 . 180 saer02407

Vale 5 5 1.60943791 10 220258509

Vawe 6 20 299573227 5 LEDMITIT

Vake T 20 299573227 196 527813466

Vaige 8

Valun 9

Vale n{vakee] Valus n{vaue) Vae Inivaue) Value Injvaiue) Vakue F{vaoe) Vaive Mivaiue}
Number of Vaies 2 2 2 2 ? 7 2 2 L4 7 H4 2
Mean 38.0000 33219 11.0000 23473 14,0000 25811 26.0000 32514 £1.1429 29284 185.0000 $.0801
Standard Daiabon 35.7656 11837 0.0000 2.0000 7.0238 0.5718 42426 01632 90.1581 18728 52,5259 o328
CV. 0.9576 C.3562 0.0000 2.0000 a5M7 0.2275 0.1832 0.0504 14145 05712 o3t 00635
o0 L2ZSITIETE 120172876 128172876 1.2617ZATS  12BIT2ATE 128172878 128172878 128172076 128172876 128172076 1281T24V5 128172475
210 24102181 124102881 LA I02TAT L1 24102TAT L 2ATOST A 28MY D015 S 24102081 T ZAI02TAT 12402185 L4I02IBT «12MI02181
Normal  Log-Nomnal  Meemat Log-Nomme Normadl  Log-Moomad Normal LogNomak Nomnal Log-Nomnal  Normal
Disirbution  Digiioution  Distrs Iy o ¥ ; [+ H o ; [ Distrbuty et Db iawie

0th Pwrwntie 85 ] 1 1 2 26 a 2 1 180 22 243
10m Parcwiitks 4 & 13! n 5 [] 2t 2 L) H 109 10e
Goometre: Mean o 11 12 -] 19 151
ppPhmr. Qe 3 1 2 t 5 1

Mete: Data prasonted harr werk oMYy usec if Sihple 1Zes wera 2 4,




Calculation of Geometric Maans. 90th and 10th Percentiles of TSS Conc. Data Set for Normal and Log-normal Distributions
Lower Boise River - Tributaries {Irmigation Flaw)

Mason Craeh E Hartey Oryin W Hartiey Guich ndian Craek Conway Guich Dixie Dran

Value  Wivpiue) Yairw  tni{vaius) Vas  injvalus} Vaue  in(vaiue) ¥rue  injvalue) Yalus  Injvsiue)
Vale 1 191 s2s500734 75 ad1tagait 66 412065472 75 adragart 144 49698130 32 366356165
Va2 16 arsass019 114 473619845 26 3.25809654 68 42195017 21 204452244
Value 3 135 490527478 47 38501476 160 s.o7517382 91 453085951
Valus 4 55 +ooraamsg 28  3.23220451 221 BTz 97 457471098
vale 5 104 4.6443909 48 asmi2zior

Vaus 6
Vawe 7

Vaue n{valu) Valua Wivaae) Value In{vaiue} Vaiue In{vaiue) Vakis Injvain) valua nvaiue)
Humber of Yakms 4 4 t t 2 2 ] ' 5 £l 5 L
Mesn 124.2500 4.7296 75,0000 43175 96,0000 44529 44,0000 3.809%  159.4000 49361 59.2000 19230
Standard Deviabon 56.0798 0.5248 DIV #OIVI 239411 0.3885 22.7303 CAGE 97.1752 0.5738 33.2056 0.5347
cv. 0.4513 0.1g WOAVAO! 1DaviO! o3 Q.08ES 0566 0.3 0.5097 0.1162 5623 41614
50 1281728076 128ITIBTS 123172076 128172075 26172678 128172876 125172076 128IT2076 T2MITINNE 128972876 T2A1TIATE T EmTIATS
2o SI24021B1 124102181 124102981 E24I0TTA1 12410218 124102181 124502187 -1 2410008 124102181 124102181 24102783 124152181
Mormal  Log-Nommal  NWormat  LogNormal  Nermal  Log-Nooma Nommal LogeNormal  Normal LogNomal  Nommal  Log-Naoma

Dristrely Dk Tiamnb D Cx Disinty [+ ) Diatri o Eisirity [+ Dbt
D0th Percintie 196 22 Divey oo 134 142 n ™ 284 29 102 1%
10% Parcantie 55 50 eDive OV a“ 4 16 = 19 T 13 2
Geomatic Mean 13 T .24 46 139 51
ey De— 2 *OIVAY 1 2 2 2

Nole: Dala prasented ers wivs Onfy uSed i 3ample sizes were = 4.
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Calculation of Geometric Mezns, 90th and 10th Percentiles of TSS Conc. Data Set for Normai and Lognormat Distributions

Lower Boise River - Tributaries {irrigation Flow)

Esgen Drain - Thurman Drain 15-Milg Crowh Wit Siough Willew Crowk Mason Slough

. Value n{valun} Yalue n{vaiue} Value Hf{vslus) Ve injvatue} © Value Injvahus) Vaius n{valye)
vane b 133 409034912 17 283133 50 amz20zsm

Vale 2 100 450517019 11 239789527 68 +2195077

Vanwe 3 56  4.02535163

Vame 4 139 493447383

Vane 5 65 417438727

Vaue §

Vais t

Yaue In{vanm) Vake ivakie} Vase njvaise) Vaue M{vaue) Vaue nivalue) Vakie WHvaie)
Number of Vakwes 0 0 0 ] 5 3 2 2 2 2 0 0
Maan DIV DIV DI EDIVDt $3.5000 45255 14,0000 26156 59.0000 40658 01D v
Slandard Dewnabon v L 17 ] SOV DIV 379513 04124 42425 0.3073 127273 02174 DIV 100!
V. woAWO! v Fla i) HDIVIO! 0.3849 a.091) 0.3030 04177 02157 0.0535 10IV/Ot 0V
290 I2BIT20T6  TIBITATE 12MITIATE 1LZMITZAYE  1I28T2T6 128172876  1AGIIZATE  LIBITIATE TIAITATE 126172076 128172876 138172878
20 S124102181 L 24M2T8) A 24102181 124102981 L24102181 124102181 124302181 124102180 2O A AT 12410218 1241020
Nomal  Log-Nonmal  MNommalb  Log-Nommad  Nommal  LogNormal Normad Log-Normal  Nosmal  Log-Nommal  Nommal
Di Distribs ™ [4" [o" ) o Déstributh O Digwi O Dismbuti Distrity

90 Percantie A0t oIVl L1t L] 147 157 13 20 75 T A0y [l 7
toh Pavcentiie L] SV S0V Flesf) 52 55 ] ] 43 45 DIV A0V
Guometre Maan Lle Lt ] FDVA 2 14 58 L]
et et [Toe ] v 2 1 1 Dl
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» $0th and 10th Percentiles of TSS Cone. Data Set for Normai and Log-normal Distributions
Lower Boise Hivar - Tributaries {High Flow)

Magon Craex £ Hartiey Drain W Hartiey Guich ngien Creex Conway Gulch Dixia Drain
Vaius n|valus) Value e[ vabua] Wil injvatue} Yalue In{waiue) Vilus (valus) Value In{vaue)

Value 1 335 ssr1a13053 157 505624581 B84 44308163 101 «51512052 295 560697535 "t arpesiog
Vae 2 21 30052344 14 243905733 B 207344154 101 aB1512052 39 286156165 140 494954242
Vaun 3 122 480402104 56  4.02%35169 17 28332133 45 380666249 140 494364242 102 452497z01
Valus 4 146 a75355019 60 405404488 49 Aa9A0: 41 257207 219 5289077 60 408434455
Vake 5 131 asTsiore @1 451085951 248 551342875 42 373766962 248 551342875 126  48382Mm18!
Vaiue & 84 44308168 14 2.83505732 16 2717250872 36 258351084 8 219722458 41 arasreor
Vane 7 263 ssTns40n 9% dstonsest 67 420469262 37 4pa3gseey 43 28918203 134 43978358
Ve 8 525 exs339ms6 133 439934912 93 453259049 176 57048 174 51590853 223 sammnr
Vaiue 9 407  s.00a81919 70 424849524 42 173766962 217 537989735 480 S13tZxE4n
Ve 10 158 s.0s39042 A7 aaBs30812 T7 434300542 34 2.s2436052 425 605208917 BB 447raee
Vs t1 60 421950
Vale 12
Value 13
Vaiue 14
Vaha 15

Vaue Injvaiue) Vaue wivalue) Value injvakie} Vaie Inivanm} Vaiue n{vaiue} Vilye Inivaiug)
Number of Values 106 10 to 10 10 1] 10 10 0 m to 10
Maan 218.3000 5.0836 T7.3000 41081 T2.7000 28822 57.5000 40543 1815000 47578 1435000 47834
Standang Deviaton 160.9314 0.9328 45,8364 0237t 68.6441 10218 45,5442 0.5531 1285217 L1828 1200197 0.6659
c.v. . DA 0.1842 £.5904 0.2038 09442 0.2632 0.8762 0.1364 0.7081 0.2470 2.8053 01302
0 LIBIT2ETE  1IGITABTE 1IMITEVE 128172876 128172878 128IIZETE  12EIT2E78 128172875 120172876  1.I8ITIETE 120172876 120172976
Z10 124102181 -1.24102184 -1.24902181 -1.2430218t -L24I021B1 124102181 -1.26102181 -1 24102189 -3.2410218) 124102187 -1 2430218¢ 13402001

r.."°"“" w r_uomar i W r__uo_rm_l :r.uno«mnu ,."”’“'.* tag.w r“uor:nal W r'w w
Q0th Parcenitie 473 523 138 178 161 130 126 1"r 348 545 a3 3]
100 Porcantie 7 50 2 n "z " " ) n Tz8 Kl 52
Gaomair Masn 158 LY “ L 120 - 120
e sy 3 2 3 2 3 2




Catculation of Geometric Means, 90th and 10th Percentiles of TSS Conc, Data Set for Normal and Lognarmal Distributions

Lower Boise River - Tributaries (High Flow}

Eagie Drain Thurman Drain 15-Mite Croek M} Siough Whigw Crmak Mazan Siough
Valuw In{watus) Yalue Injvaiva) Valun Injvaius) Yalue Mivalus) Yalus n{value) Vaius Inivalue}
Vatue 74 430406509 20 29957377 192 535749537 48 aaraoor 102 462497281 112 4718439807
Vatue 2 7 154599035 12 248450685 186 527511456 82 aaz2n3aze 124 482020157 55 400713319
Vawe 3 4 49380067 11 235783527 152 s.omam0sz 31 293182562 71 426267908 T3 429045044
Vahue & 11 239789527 3 109861229 67 420460262 19 294443858 1682 5.087%59634 23 213540422
Vaiya § 518 824997524 42 173786962
Vae 6 11 4795302 36 258151894
vaue 7 1687 501799081 357 serrvasma
Va5 65  +.17438727 25 321887582
Vake 3 85 455387689 68 a42ve50rn
Vaiue 10 38 asgarsesig
Vaha 1t
Vawe 12
Vaue 13
Vaks 14
Vake 15
Valus nvalue) Ve Invaiue) Value WY} Vaiue in{vaiue) Viiue Infvaioe} Vawe in{vakin}
Number of Values 4 4 4 4 9 9 4 4 10 t¢ N 4
Mean 455000 3.2869 11.5000 22443 1736687 49522 45,0000 3787 1025000 4.3070 65.750G 4.0379
Standary Deviabon 425010 1.3 89522 08080  138.3508 0.6420 18,3485 05276 995571 08117 ar.t248 0.6683
cV. . 05380 0.3965 0.6045 0.3600 0.7963 0.1296 0.4077 03419 09713 0.1885 0.5646 0.1657
%0 128172876 IBIT2AT6  LIGITIAVS 12O1DIETG I2BVIT6 128172876 120172876 128172876 1Z8ITIBTE 12M1TIAT6 120172876 128172876
Z10 -12410218) 124102181 124102181 124102181 124302181 124102188 -1.241021) SI24102181 124102181 -1.24102181 124102181 -1,24102181
NOImAE  LogMormal  Nommal  Log-Monma  Nofmal  LogNOMM!  Normat  LogNormal  Normal  Log-Nonmal  Hormal Log-Normal
Dty Dty Dy b Dectribauth D [+ ¥ Dis bt it i iy [» [+ s ! 7
900 Porcentie ] 142 20 27 a5t 3z 69 | 3] 230 210 13 134
10t Percentie 7 s 3 3 2 64 22 2 2t 27 20 24
CacrTwtric Mas z 9 14 4 T 57
T D 4 2 H 2 z 2
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tation of G

tric Means, 30th and 10th Percentiles of 7SS Conc. Data Set for Normal and Log-normat Distributions

Lower Boise Fiver - Tributaries (No Seasonal Split)

Mason Craek E Hartley Drain W Hartly Guich ndlan Creek Conway Gulch Dixie Orain

Value Infvalua) Value In{valua) ¥alue nfwalus} Yalua In{wa"-a) Yalue In{value) Yalus nivahse)
Vale 1 335 s.5141308) 157 505624581 84 44308168 101 agisizo52 295 564637516 111 47005302
Vakee 2 17 283321034 55 400733319 3 109861229 17 283321004 31 24339872 50 33120230
Value 3 21 304452244 14 253905732 8 207944154 101 461512052 39 256356165 140 494164242
Vakis 4 122 480407104 56 402535169 37 23332133+ 45 280666249 140 494364242 102 462457281
Ve S T16 475350019 60 409434458 49 22918203 41 371357207 219 538307173 B0 400434456
Vae § 131 s2s22v343 91 451085958 248 551342875 42 173756962 248 551242975 126 483828191
Vae 7 118 475350013 75 £3t7aan B6  4.:18565474 7S 43rTapan 144 agess1n 39 3.55356165
Vane 8 28 a33220450 41 2357207 10 2.30258%09 36 3.5835189%4 23 313545422 20 2.99s73z2T
vane 3 81 435444915 45 18286414 15 2.7080502 47 38501476 22 309104245 30 a4p9maa
Valus 10 131 aarsigr:2 21 10452344 11 239759527 58 406044301 9 219722452 41 arasTor
Valur 13 84 44308169 14 283505733 16 2. 1r2sesra 36 158351894 4% 3898203 134 4p978298
Vane 12 263 5575403 91 45108595 67 420489262 57  apa305127 174 81590553 223 saomnrr
Yane 13 525 625139876 133 485034513 93 45150045 176 5170484 217 537389705 460  S13122849
Vaua 14 407  8.00881319 70 424843524 77 434380542 42 3717660962 425 6.05208517 B8 447733881
Vaie 15 12 2.48430665 114 473615845 26 325809654 €68 4mgs0™h 21 2045244
vane 16 47 38501476 35 355534806 6 179175947 30 3ot H1 47095302 25 32wearszz
Vale 17 73 428045944 52 295124372 18 289007176 33 249850758 58 406044301 22 309104245
Vakie 18 158 5.0689042 15 27080502 33 2.49650758 "150 soro6asy 43 38Tz 79 s36guaTas
Vae 19 135 40527478 87 446590812 68 42mm50mm 34 352638082 160  s.orm1vas? 91 451088981
Vale 20 55 aoraane 47 28501476 321 s77i4ddt2 &7 457an09e
Vahou 21 28 333220451 104 45443009 48 32010
Value 22
Vake 23 -

Ve nivaiue} Vawe n{vaie} Yaive Wivaiue) Vake In{vahsa) Vawe injvaiue} Vale ivale)

Number of Vanes 0 20 18 18 19 19 2t 2 2 2t 21 21
Mean 1452000 45370 618333 3.9004 52.7895 23992 $4.1905 38830 1383313 45170, 954714 Az
Standard Deation 137.9757 1.0437 396444 87372 84852 tatre 410150 asaas 1142776 1.om7 979293 o.8292
V. Q9457 02300 0.6411 0.1830 +.1079 0.3473 0.7301 0.1503 0.8258 02284 10247 0.1968
0 120172876 128172876 128172076 1IBYTIETE LIBITIAVE 1IMVTIAVE 120172876 1I2MITIATE 12MITIETS LIBITIETS 1IBI7287S 18172876
Z10 ST24102181 124102181 124102181 124102181 124102181 124302181 124102181 -1.24102181 124102181 124100181 -+ 24102181 -1.24102181

Normal  LogNarmal  Normal  Log-Nermal  Momal  Log-Momal Normal  kog-Nommal  Normai  Log-Normal Nommat  Log-Normat

Cabpouten  Daritation Damnb Disaributh Di [ [+ B Disyi Bistributi O D i [«
9Oth Ferentie W3 Az 133 27 t28 T4 131 103 285 4 4] 166
10th Percenttie 2% F- ] 13 20 -2 7 7 % 3 3 26 24
Geometrk: Mea (3] 4 30 a ” 2
gt 3 2 3 z 3 2




Caiculati ! G

Lower Boise River - Tributaries {No Seasonal Split}

ic Means, 30th and 10th Percentites of TSS Conc. Data Set for Mormal and Lognormal Distributions

Eagie Drain Thyrman Drain t5-Mite Crmak Mill Slough Willow Gk Mason Sloygh
Yaue  Injvaie) Vaiue  invaiue) Vaus  Iniveie) Valus  Injvam) Value  Injvaiue) Valus  Injvatun)
Vale t 74 430406509 20 289572027 192 525749537 48 Tz 102 aB2497281 112 47849087
value 2 12 2.48430665 11 239789527 9 219722458 23 213540422 3 109861229 202 53082677
Ve 3 7 134591015 12 248450665 196 527B11455 62 492713429 124 482028157 55 400733519
Vaiue 4 €4  arsasazs ¥t 239789527 152 3s.073pdps2 29 3.26729583 71 az26267908 128 485203026
Value 5 440580967 11 239789527 E7  &.20450252 31 3.9215256) 162 508755634 73 429045041
Vams B 11 239789527 3 109861229 133 483034312 19 2.54443898 42 1.73766562 23 313549422
Value T 100 4.E0517019 17 233324234 50 amzozm
Vaiue 8 8 207944154 11 239709527 13 256494936
Ve ¢ 13 256494936 11 239789527
Vakue 10 23 113340427 190 524702407
Value 11 518 524997524 .36 358351894
Vake 12 111 47095302 357 57773578
vae 13 367 s.11709381 25 J2raavsez
Value T4 65 arad8r27 68 azgsomn
Vaup 15 56 402533169 88 a2vex0Tn
Vawa 16 5160043791 10 230253509
Ve 17 20 293573207 5 &gt
value 18 20 2ousTany 196 527811466
Vawe 139 95 455387689 38 asursssts
Vakie 20 139 453447383
vaku 21 65  4.rr43aTRY
Va2
Vaua 3 M
Vilve nivaiue) Vaive In{vaiue) Vake Injvalue) Ve {vaine) Valve In{vaine) Vahe nlvaiue)
Number of Vaius 5 [ [ [3 2 n [ 5 19 19 6 6
Mean 43,0000 22086 11,233 22955 1025714 40370 325000 33181 32,5042 vy 58,8333 43853
Standard Daviabion 37.1268 (R 53014 06303 1139643 1.2444 18,5701 0.8087 90.1955 13073 632554 0.7809
[X"A 08634 D56 0.A4TST V2748 [BELY 0.3082 05748 0.1830 1.0908 03465 05400 01735
290 120172878 128972876 128172076 12MIT2076 \ZB1TIBTE  I2BIT2ATE IJWITATE 128072876 1.IBITIBTE 128172076 120172876 12MIT2EVG
210 24102187 124102181 124102181 124102187 124102181 12102181 124102181 324102181 124102187 124102183 124702181 -1.24102181
Momat  Log-Mormal  Normal  bog-Normal  Normab Log-Mormad Normad  Log-Nornat Mormal LogNorma!  Normal  Log-hormad
Distri Distriby b ¥ 1t Distritwst o D ) s Digri Davtuton  Distibulion  Distribution
YOM Percente " "y " = 249 ny £ 3] 198 3 180 213
10th Percentie -3 k4 3 5 -39 2 9 13 29 H 0 3
Geometric Mewn 14 10 57 ) 44 0
i et 3 2 3 2 4 2




Catculation of Geometric Means, $0th and 10th Percentiles of TSS Cone. Data Set for Normal and Lognormal Distributions
Lower Baise River - Main Stem (Low Fiow)

Diversion Dam Glenwood Middleton Parma (Historical} Parma {1590s)
Valus  Infvalue) Value  In{value) Vaiue  In{value) Value . In{value) Valve  In(value) '
Vaiue 1 8 207944154 4 1.38629436 11 239789527 71 426257988 30 340119738
Value 2 3 1.08861229 3 1.00851229 5 1.50043791 28 333220451 15 27080502
valye 3 €& 1.79175847 5 180943731 4 1.38629436 18 285037176 46  3.8286414
Valus & 27 3.29583687 4 1.38629436 4 138629476 584 5.49828215 61 411087385
Vailue 5 5 1.60943791 28 2.33200451 20 293573227 26 325809654
Value 6 4 138625438 2 0.69314718 4 1.38525436 147 4.3904325% 18 z.8%0an17s
value 7 6 179175947 3 109881229 4 1,38629436 9 2.19722458 15  2.7080502
Value 8 2 0.69314718 5 160843793 22 23.09104245 12 2.48490865
Vatue § 38 353758616 4 138629435 467 6514632926
Value 10 67 420459262 18 2.89037176 15 27080502
Valus 11 3 1.0ves122% . 17 283321334 15 27080302
Value 12 3 109861229 32 34557359 18 289037176
Value 13 £3 39702911 28 3.33220451 18 283007176
Value 14 35 355534906 14 263905733
Value 15 53 397020191 47 38301476
Vatue 15 54 2.98898405
Value 17 B0 4.00434456
Valye 18 18 277258872
Value 19 30 340119738
Vaiye 20 12 2.48490665
Vaiue 21 30 3.40118738
Value 22 15 2.7080502
Value 23 46 3.8286414 -
Vaiue 24 61 4.11087386
Value 25 26 3.25809654
Value 26 18 285037176
Value 27 . 15 27080502
Value 28 12 2.48490665
Value 29
Valus 30 15 27080502
Valus 31 15 27080502
Valus 32 : 18 289037176
Valus 33 18 285037176
Value 34 14 263905733
Vake 35 47  3.8501476
. Yaiue In{value) Value in{vahi}) Valus infvaiue) Value n{valua) Vilue infvalus)
Number of Values 2] 9 12 .12 7 7 7§ j<” ] i 14
Mezn . 11.0000 19315 13.0000 1.7200 2.5714 1.8407 63.2647 34197 25.0000 3.0769
Standard Daviaticn 12,6194 0.9657 2723 1.1260 B.3416 0.7544 1323140 0.9597 15.4025 0.523¢
Cv. 1.1472 0.5000 1.7056 0.6504 1.0422 ©.4058 20914 0.2806 0.6181 01701
290 120172876 128172876 128172876 128172876 128172876 1.28172876 128172876 1.2B172876 1.2B172876 1.28172876
Z10 *1.2410218  -1.2410218  -1.2410218 -1.2470218 12410218 12410218 12410218 -1.2410218 12410218 -1.2410218
Mormal  fog-Nomal Nommal  Log-Nommal  Nomal  Log-Normal  Normal  Log-Nommal  Nommal  Log-Normal
Distribution  Distibution  Distributiors  Distibuion  Distibution  Distribuion  Distribution  Distibution  Distribution  Distrivution
90th Percentile 27 24 41 24 20 17 233 105 45 a4z
10th Percentile S 2 15 1 3 2 -1 9 & b3 |
Geomevic Mean 7 6 4 b h ] 22
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Calculation of Geometric Means, 90th and 10th Percentiles of TSS Conc. Data Set for Normal and Lognermal Distributions
Lower Boise River - Main Stem {Irrigation Fiow)

Diversion Dam Glenwood Middieton Parma {Historicai) Parma (1990s)
Value tn{vaiue) Value In({value) Yalue In{value) Yalue In{vaiue) Value In(value)
Value 1 4 138620436 8 207943154 B8 207344154 154 5.0369526 48 3.87120101
Valug 2 3 109861229 5 1.80943791 & 179175947 78 4.33073334 39 3.66356165
Value 3 8 207944154 £ 1.79175947 5 150943791 47  3.8501478 91 451085951
Value 4 1 0 7 154591018 8 179175937 B4 4.4308168 107 457282883
vale 5 3 109881229 6 1.79175947 102 4.62497281 41 3.71357207
Value § 3 1.cess122% 4 138629436 17 283321334 483 6.18001665 40 3.58887945
Vale 7 3 t.09851229 83 4.41884081 8 2.07944154 40 2368887945 20 299573227
Vaiue 8 6 1.79175947 84 4.4300168 245 550125821
Valua & 4 1.38625435 112 4.71849087 51 393182563
valua 10 16 277258872 74 430406509 34 a.52838052
value 11 12 248480665 43 376120012
Vaiue 12 4 138629406 20 299573227 32 234857359
Value 13 4 138629436 72 427666812
Valtus 14 " 33 2.49650756
Value 15 . 4 1,38629435 19 2.94443898
valus 16 8 207944154
Valye 17 61 4.11087386
Vaiue 18 42 373766562
Value 19 . 45 2.80866249
Valua 20 25 2321887582
Value 21 95 4.55307689
Value 22 66 4.18965474
Value 23 48 3.87120101°
Value 24 38 2.68356165
Vaive 25 91 451085951
Vale 26 107 467282883
vatue 27 . 41 3.71357207
Valua 28 40 3.8888745
Value 29 20 299573227
Vaiue 30 245 550125621
Value 31 51 393182563
Value 32 N 34 352636052
Valus 33
Vale 34 . 32 23.4857359
Valus (vatue} Value mivalue) Value in{value) Value nivalue) Value {value)
Number of Values 7 7 13 13 7 7 3 < ] 11 k]
Meoan . 35714 1.1229 12.5385 1.9866 8.0000 1,9967 76.7576 4.0094 £8.0000 3.9583
Standard Deviation ) 2.1452 0.6120 214772 0.8569 4.1231 0.4081 B6.0966 0.7805 64.1701 0.5944
c.V. 0.5018 0.5451 1.7z 0.4314 0.5154 0.2034 1.1217 0.1947 0.9437 0.1747
290 128172876 128172876 120172876 1.28172076 J.2B1Y2876 120172876 1.20172876 1.2B172876 1.28172B76 1.28172876
Z10 S12410298  -1.2410218 12410218 -1.2410218  -1.2410218 12410238 -1.2410218 -1.2410218 -1.2410219 -1.2410218
Nomrmal  Log-Momal  Nermmal  Log-Normal  Nomnal  Log-Nommat  Nommal  Log-Nommal  Normal  Log-Nommat
Distribution  Distribyion  Distribution  Distribution  Distribution  Diswibution  Distribution  Distibution  Distribution  Distribution
o0th Parcentie & 7 4D 22 13 12 187 150 150 127
10 Percontie 1 3 14 3 3 4 30 21 R 2
Goomelnic Maan 3 55 52
xS Denmon) . 2 2 2 2 -4




Calculation of Geometric Means, SGth and 10th Percentiles of TSS Cone. Data Set for Normal and Lognormal Distributions
Lower Boise River - Main Stem (High Flow)

Diversion Dam Glermwood Middiston Parme (Historicai} Parme (1990s)
Valve  In{value) Vatue  Inivalue} Valus  inivalue} Valus  Injvalue) Vaiua  Injvaiue)

Vaue 1 3 103881229 7 194531015 11 233789527 57 40ap05127 22 203104245 )
Value 2 3 109881229 2C 293571227 15 27080502 39 356356165 148 499721227
value 3 4 138629406 7 LmdspIs 71 426267988 58 4.02535169 48 1arzo101
Value 4 3 109881229 11 239789527 30 24011978 46  2.8286414 120 475749174
Vaiue 5 4 138820436 7 134591015 29 J36729583 52 a9stz24372 27 3.29583887
Yaie § 41 37195707 8 207944154 10 230258509 26 3.25908654 57 404305127
Vakse 7 T2 089314718 6  rrhrseer 15 2.70m0502 66 418565474 33 349650758
Vahie 4 28 323720451 120 7749174 30 zentye7Mm 111 aTvesaay 83 41421347
Value 9 6 1.791¥s947 14 263905732 2% sagessrs 145 457673374 83 4 neeos
Vaiue 10 2 gegataria 36  2.58351894 18 289037176 32  2.4857353 89 448853837
Valus 11 2 os9314718 A2 34557358 7 194591015 23 213548427 34 352835052 :
Vaive 12 S 180043791 30 340119738 17 283321304 102  +.52497281 164 509986643
Value 13 7 194501018 4 138829436 2 089314718 23 313840422 163  s5.0937502
YVae 14 4 tamezouas 12 243430865 i5  z7os0s02 129 sasgars 37 astoaire:
Value 15 5 1sosaarn 23 313549422 24 217805083 54 3.96898405 59 407753744
Value 18 9 219722458 52 3sst2ear2 14 2639057313 145 <97673374 70 424849524
Value 17 6 treiTsner 24 297808383 31 34a30a7z 58 4.0604430
Vave 18 5 18084379t 52 295124072 43 376120012
Vaiue 19 22 3.09104245 101 451512052 89 440883837
Vaye 20 17 283321334 71 426267983 45 38288434
Vaios 21 T 25 321ee7sm2 22 309104245 26 325800854
Value 22 . 20 2zs9sTager 148 499r21227 47 18501478
Valie 23 20 289573237 48 227120101 47  3asovdrs
Value 24 27 29583687 120 478748174

Vakse 25 10 230256509 27 329533887

Value 26 57 404305127

Value 27 33 249650758 oL
Vaioa 28 ) 63 414313473

Valus 29 B3 camainn

Value 20 BY 448863837

Value 31 34 252838052

Valus 32 164 s.09988840

Ve 3 163  s.pe37sqz

Value 34 37 asomme

Yalue 35 59 4.0Trs7a4

Valos 38 TO 424849524

Value 37 58 406044307

Value 38 - 43 2.78120092

Value 39 89  4.4am53537

Value 40 45 18288414

Value 4t 26 2.25809654

Value 42 47 18501478

Value 42 47 28501478

Valus Infvaiue) Vaiue {vaiue) Vaive jvakue) Vahe n{value) Value Infvaka)
Number of Vaues 74 17 25 25 " 5 L] 43 <] =
Maan 2.0824 18191 22.3500 27703 24375 29243 68.2328 40578 86291 40803
Standarg Deviation 16.4518 0.8430 22,3882 Q.77 501344 1.0076 40,9413 0.5794 426793 05773
cv. 12259 0.5206 1.04%1 0.2088 15456 03448 0.8008 01428 0.5240 0.3422
. 90 TRBITIATE 128172876 128172874 126172878 120172876 123172875 128172878 1.28172878 128172076 1.2817247s
210 124102181 124102141 124102188 -1, 24102181 124102181 -1.24102187 124102181 SIR4T02181 124102181 -1.2410218
Normal  log-Nomhal  Nommal  LogNormal  Nomal  Log-Menmal  Kommal Log-Normal  Nesma?  Log-Mormad
Distribet DOistrib iatrbun Distribution  Distributi Dintr Distrib Dstrits Distribution  Disttbution:

501 Fercantde 21 1= 52 45 a7 [ 21 122 123 2
10tn Percante -5 2 : 7 [ -30 5 17 F1 15 -]
Geomatric Mean 5 16 19 sa 58 :




Calculation of Geametric Means, 90th and 10th Percentiles of TSS Conc. Data Set for Normal and Lognormal Distributlens
Lowers Bojse Hiver - Main Stem (No Seasonal Split}

Divarsion Dam Glenwood Middiston Parma (Historiesd) Parra {19903)
Value  In{vaive) Valus  Injviue) Valus  In(value} ¥alus  infvslue} Value In{vaiua) s
. Value 59 45 3828644
i Vaue TG 48 aa7tzonm
Value 71 120 478743174
Vaus T2 91 453085951
Value 723 107  «.87282883
Valus T4 61 411087386
Vaue 75 ) 28 2.258096%4
Vaius 76 27 329583687
Valus 77 57 404305127
Valus 78 41 3nasrr
Ve 72 168 280007178
Vaive 80 15 27080502
Value 91 33 a.49850758
Vaive 82 63 41431347
Value 83 40 358887945
Value 54 12 248490885
Vaiue 85 .
Valou 56 B3 441084081
Value 87 89  4.epse87
Value 83 20 299573207
Value 83 : 15 27080502
Yalue 90 . 34 352808052
Value 51 164  5.09556843
Value 92 163  S.osavsez
Value 93 37 st
Vaiue M 5% 407153744
Value 95 245 s.s01258 --
Valye 58 51 aene2sss
Valus 97 15 27080502
Vaie 98 18 2m0ami7e
Yalue 93 TO  424ma9524
Valys 100 58  4.08044201
Vaue 101 43 a7ei20012
Value 102 : 89 aasoe3837
ga"' " value 103 46 ammend
§. - Vausi04 34 asze’e0s2
"o vaige 108 © 18 2sm03miTs
Vake 106 - 14 283905723
Value 107 47 28500478
Vaiue 108 25 325000854
Value 109 47 38501478
Yalue 110 47 apsoi47e
Valua 100 12 14E5TISO
Value Injvaiug) Yalus N{vaue} Value W{vaks) Value Injvaiua) Value vanm}
Number of Vaius . 33 3 50 50 0 30 110 10 4 44
B Mean 78182 1.5991 17.5800 23185 21.1867 2.4550 692545 38480 55,8458 27501
Starctard Deviation 10.1040 08600 28789 1.0026 38,3452 0.9697 202898 o812 457904 0,725t
C.v. 12924 0.5378 12915 0,432¢ 1.8114 03950 1.2037 5114 08409 0.1933
200 2072076 128172876 1.208172076 128172076 128172076 1IAITIATE  13MITIAVE 128172876 12M172A78 L2MITRANS
Fall 124102181 124102181 -1 24102187 124102181 ~T24102381 -1 24102983 124102181 -1 24102181 -1 24302181 12470214
WNormai  Log-Nomeé  Normal  Log-Normal  Nommal  Log-Mormal Nomnal Log-Morma!  Nommal
Disinbution  Distibution  Distibution  Distribution  Distritution  Distibuion  Disiribution D D Disriout
0th Percentie il 15 47 ” 70 40 185 134 18 108
10th Percentls - i -1 3 26 3 -3 ” 2 74
Gaomatric Maar 5 10 12 &7 43
P O 2 3 3 2 2




Calculation of Geometric Means, 90th and 10th Percentites of TS5 Cone. Data Set for Normal and Lognormat Distributions
Lower Boise River - Main Stem {No Seasonal Split}

Diversion Dam Gienmwood Midciaton Parma {Mistorica#} Farma (1990}

Yalue In{valus) Yalue inivatue} Valus In{value) Value In{vaiue) Vaiuw In{valua}
Vawe 1 8 207944154 4 138629436 1t 239785527 71 426257908 30 240119738 '
Value 2 3 1oseste 7 134591015 1t 239789527 57 404305127 22 309104245
Value 3 3 109851229 20 299573227 15 27080502 154 50369526 143 499721207
Valus 4 4 138829436 8 207544154 8 207944154 78 433073334 48 asgr2010t
vaiua 5§ 4 338629408 5 1.50943791 71 az6267988 47 28501478 35 265356165
Value § 3 109851229 3 trogesrz29 30 240119738 28 233720451 15 27080802
Vake 7 4 136829426 7 194591015 29 336729583 18 2me0ani?s 45  3sumBeta
Valun 8 3 roeserzes 11 2395 & 139175047 664 s.49828215 48 287120100
Value 9 3 uogsesie & 179175947 10 2230258509 20 2985m227 120 278749174
Value 10 41 arasyior ‘5 E0sITH 5 160043791 39 aseaseres 91 451085951
Vaiue 11 2 0.853ta71a 7 1.94591015 15 27080502 56 402535169 107 4.57282882
Value 12 8 zo7sadtsa 8 207944154 - 30 ss0neria 48 28286414 61 411087386
Vanse 13 6 179175847 7 194591018 211 sasiasas 52 295124372 26 225809854
Value t4 28 3.3:mzo4st 4 138529438 16 28903717¢ 83 «4300188 27 a.rgsaaser
Vale 15 6 791753¢7 7 194531015 102 482497291 57 404005127
Yalue 15 2 069314718 6 179t7s4y 5 160943790 483  6.13001885 41 arnasreor
Value 17 2 oesaers 120 a7s7i9nTL 6 LTrSosy 40  3.68R87945 18 283037976
Vaius 18 1 o 14 263905733 4 139829408 147 493042259 15 zoa0%02
Vaue 19 27 329583887 36 358351894 4 138829438 9 219722458 33 3.49a50756
Value 20 S 18084379y 32 35.4657359 28 amzosst 22 2.091043245 63 443473
Ve 23 4 1,38629408 17 283321334 467  £.14872928 40 Dsasarsas
Vaive 22 5 160543791 4 130529438 2 089314718 26  3.25009654 12 243450885
Value 23 7 194591015 83  «.4ta8e061 15 27080502 66 438065474
Vaiue 24 4 138829438 2 069314718 24 317805383 111 ar0asace - 83 441884061
Vaive 25 5 1609431 30 A+0119738 6 1Lm7s947 145 497672374 80  4.4g880637
Value 28 3 toesizeg 4 1 IME29436 ' 4 1.38629438 B4 san08tc8 20 239573227
Valus 27 € 179175547 6 179173947 4 138629436 132 47riesseny 15 2.ras0s02
Value 28 2 ca9a1471e 3 109881229 14 283905T33 T4 430408509 34 352436052
Vaiue 29 A8 asarsesis 12 2.48450865 17 283321334 43 a7etze01z 164 509988543
Value 30 S 219720458 23 3158422 8 207944154 20 29957327 163  soea7se2
Valuw 3t § 179175047 52 as9s1are 18 z.eemTi7s 37 asTer
Valua 32 3 rosssizg 24  3.17805383 17 zaamis 59 407733744
Yalue 33 3 109081239 5 180943791 32 34857380 245 ss012582
Vaue 34 4 138829438 28 133220451 51 299182583
Value 35 16 2.rresasv2 32 3.4857359 15 27080502
Value 36 5 1809431 23 112%48422 18 2a9037176
Valus 37 4 138629438 102 462497281 70 424849524
Vaka 38 67 420489202 23 393549422 58  4.08044301
Value 39 22 3.09104245 72 szvesemi2 43 276120012
Yalue 40 17 2s32334 33 4gesgrss 89  sdsasimy?
Vakee 41 25 a2marsey 19 294443898 46 3288414
Valus 42 20 299573227 8 207944154 34 350808052
Vaiue 43 12 2.ea490885 125 saz9m324 18 2mu3T17e
Value 44 4 138529436 35 355534808 14 2.8390573
Value 45 4 138829438 53 39209t 47 38501478
Value 45 - 3 1osestn 54 d.90898405 25 325809854
Vaiue 47 3 rosesizze 145 437573374 A7 28801476
Vaue 42 53 syromm 81 4vi087388 47 3501478
Value 43 20 z2sesnzy 42 373768962
Value 50 27 229543587 54 220898408 32 24857353
Vaka 51 10 230258809 B0 4.09404455
Vg 52 i 31 aauser2
Valus 53 4 138529438 52 aest2aa72
Valua 54 45 280888243
Value 55 25 321887582
Value 58 16 277258872
Value 57 30 a0t
Value 58 101 sp1512052
Vae5s 71 azeasTo08
Vaiue 50 95 «sswTEen
Value 61 65 418985474
Valus 82 12 2484590668
Vaiue £3 30 ascnigrse
Vilus G4 22 209104245
Value 55 148 aseTnzy
Vaue 55 48 3a7t20mhn
Value 67 39 356386185

Vaiua 58 15 27ce0s02




C _ . _ ' Appendix C
Normal and Lognormal Statistics for
- TSS Concentration Data
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Appendix C

High-Flow Season Mass Balances———Ex1st1ng
Conditions Based on the Critical 7-Day (Acute)
Flow Period of Parma for: 1992, 1995, and 1996
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- - " AppendixD
Irrigation Flow Season Mass Balances—
Existing Conditions Based on the
Critical 30-Day (Chronic) Flow Perjod

at Parma for: 1992, 1995, and 1996
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Appendix E

Irrigation Flow Season Mass Balances—Existing

. Conditions Based on the Critical 7-Day (Acute)
w Flow Period at Parma for: 1992, 1995, and 1996
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Appendix F

1992 chrh Flow Season—Reduced Conditions

Based on the Critical 30-Day (Chronic) Flow

N Period at Parma (Equal Percent Reduction and
- Equal Concentration Discharge)




o

e afzisng
L8

[ x4

{udne:
{sucsess e 101 snieA SiCUIS) S6:2UISID WY (urad uo 0858 2B S2IN0S JUICG 201 SUCHRAUBIUSS S5

onoIg oSy

1B2(] uBmIInY L |

HdwT H utes slse;

15 uesew ‘wed aibeg uelq veuunuy) jo adaisay ‘55 siefeung

SSION

ECE +{85..
53 3y zv 0 i C.oicoosiegt. | - BULIR JEIN U]
8> 5 362 2 . iy582L2EL ¢ DUEST [FUMODILN}
oS v 562 o . 2B6CLESL SUUIR] 41I0jwesT
v s 152 0 i - '996clect 3t 4diy pueist)
3 8 192 ! ; - ‘pSEeicEL AN BULIE.]]
3€ 8 44 9 : - GE62LEL s5eH]|
€ 28 2Lz ] g2'e £0 £ 661~ i . 9582128l ¢ Sdun,§ UoLIWEN|
B €g SLz ] €8¢ £ 162 LE8'88 : &a + 05 2301 Ay JEIN UIRIC] 31X}
Ef 3¢ Ll 0 £3¢ ‘9°0- 68 2962+ : =4 - 2321281 Y3 SM3IDUVS
3l 5€ £L1 Q < g oY 129°G- 7 0 - $¥9ZLZEL IFTCH
51 oy E13% 0 v4'S L 164 L0°2E : P - osszigsy STION ) U3 ABAUOD)|
i ¢ Se1 0 s 128 £31°8 i Iy - Qpe2izct 13USIAG P UELLAOY]
2t 28 avt Q vLe £E 95T - | i - GcqLizel 1U{0,] 331037) J3M07T;
€l £ 6bL o vL'S Ve gLy - : . - GPLLLEEL 23182 L -SNUEINI Y]
st ve JAZ% 0 yL'E Ve E1LTL- : - GELLIZEL 14§ 131097 Jaadi}
7L v 9%t 9 vL'e e [F3% - SeLLLEEL 7°oN BYaIng]
4 g 0 vL'S 3 9G- ‘ - £0911251 Sl | jo[Gtg:
iz g€ 0 187 18€ 1 - - SypLi2cl 4337 ueipuy
4 [ 0 S gL ey : ' + ‘ 2L I3n0ieDy
-4 af a [ 8¢ 20 ; : : S00LISEL sdtu g JIUTEAY
2 98 ) g9t 188 2 0 : - ‘lo0tteer . SQILA,[ A3{4i4s;
¥4 1o Q $9°L i8E p'G- - PEECLZEL 313quaqas;
z2 &€ ] coL 68 1L EL" : - £8601281 (RquEd
€2 88 o g9l ‘68 19'SpL- : : - 256012E1 331095;
kD ) 16€ 1286°1% | + 129 ; (pau1quIua) Aa1IEH|
P 3% 6E i3'091- ! : - ‘ygE0L2EL 2pISIaNIY |
ig 3e vaL 1511 ] : - 08601281 42317 UOSEIN
£ oe LE 19421 i i - 'SpEoLeEL ¢ ydnelg vossiy|
ce 0e &Y 140881 ! ! + (GES0LZEL i ULIPPUN P Y33UD MOlA|
0 82 L2 145426 i : + ive yanots (N}
bord e 102 2ZLS i + 162301288 130D SEAY
22 e i02 £96'3 : - 192901281 ¢ L43p33 1 Suo|
186°EE : - 192901281 ¢ L23p39 4 1215
s 0g0Lzst ! ure3q Ay U]

6

3

)

L

5 vl iy
8 91 vy
ot st vLy
9t st 0% o
9t st v6€ 0 50°1
at s1 gse 0 501
a1 st 28 0 80'L
st st asr 0 50°
st i zay B li6e
g st yob 3 16

ﬂ

EV0Q

eyo
£F0
[ 4]
ero
EVO

V0

fog S UORIPPUN 1V 4d|
(50001251 auy ydiy [smppED)
‘0666028t - {igno]) uoiuedi
30 iyt £o 0L~ ‘0£9602EL | 3330011 30HT
60 S 22" 29 : T3 exaangi
1°g- St v eI 08v602E8L SIAU ]
20 ] 980°ZL ! ! * \0gve0ZEL ated uswany L]
0’0 {gk yyQ- — i : :QY£902EL S43Y3ING UIAIG;
a0 Si £20°0* ! i - 8ei902€L ¢ sdn g Jaqieq)
L2 S €54 99" : i - ‘01280288 uoijediiiy uoISIPPIIN|
Z 0 ‘51 £°3- i : - 057808SL ¢ Sae- ey
L0 [st 866°EL . + ‘00y902EL | ey 9 wiesq a1deg|
00 .igt o it { - ‘90890281 ! Tang Gof uatoim i
$'0 I8 966°61 i + 'z : ALAAM 390G 1941
[+Xed 191 Q i - i$g2902eL ¢ Jaely P Idey]
10 9L (282 . '282902Sh ERELR
00 9L i- . 06e9028L | SEWOY ] UV
{00 9t 070" : i - ip229028L Y4B PUES] (3T
00 91 90~ i i - 0L29028L SUSUWE]-Aeaue]);
10 g1 L2 | ] - 'g92302ef ¢ audwaeg]
00 19t £42°0- ! i - ‘0928021 _ i 1930ID-WRYRID)]
10 191 72" i §5 ' : O 3T Sdudg Uiz gy
09 ‘gl 11 : 7oy ; - 1S029028L Y3 dwayi
0" 9L 8¢ i ; - iZ8 UGIUT] AN,
60 gt €64 51" 1 9 : . 106090251 W31 A4l RN
H mary (ouden:

A3fey Isroyf;

O W W Wm0 O OIS ©

A W WD WD WD W WD WD DN D WD WD D

A
. 33ptag pOOMUINS 1V U}

i

41 193118 29pue)

YBw0g B pay uadled 0'vE
‘aeg peo

Aepysuoy,

()
uonenuedund
19y

ucNPaY ON
Aeprsuay,

18A1

: obgsoeeL LOtury SR 4|
M __izcgseeer 1IN vy L
* 14198028k ! o PLsIq adeuieac)
‘ £195028) ¢ Syed A1) astogy
* HL15602¢8L Stage])
N ‘516302€1 31302194
. 002 107 131E sy a0y
- 0617028} A Istayy
° 04000288 ¢ uny 2aa1y|
- 090ygeeL ! Hiy 15SUY |
“ 0ZOPOCEL i 5343341
N 1S00PO2EL Yynig
. y :09L£02E8L ! ydnequapiy|
|G aia v o lOLSE0gEL - | - W] domsIaag Ko Ml
G700 (s10) {(hepry) (o) +fe ‘ON uonEIS uaneso
UOHBIUBIUOYD Mot4 peoct UoneNUSIUDY  MOId Mmomng SuiGes
I1BIEMPUNOLS) JBIBMOUNCIYD SSBN palasesy 10 mofjuy
14 104IU00 uuey [gluawaidw Aueq B JulBWeD) (8I1jUB194 YO8 = L ‘UBBW StIAWOBY) = {) t ;apNluoEw "Tuol
‘SN euwuRy jeluawaIout Mol ubiH (v=y '41=c:4(=32aH =) 1 uoseas "sug
"1d 101UOD YOIBIPPIN ueipe  (UBBW = » (5PAAIX °406 = € IUBIDIW = 7 (30999%xa 401 =) 2 capnyubey Mo
‘"N uciaIPpIN motd ubi (F1=e! =T 4H = 1) L WOSEIS MOIL
1d {011U0D) poomuals) painsesyy { (188 @2 ses) jetie | = Z :Dansven = L) 3 1iQR L UOIANUIZLOD SSIL
'§°N poomusis) SSHSIOHD FLNdNL

183 199 <= G100 UGHRHUAOUOS 130181 1NAU| 04
{28/v/E atep URIS) Buuey 1@ wnuiugy Say Lep og
uoHINPaY JUad134 (Bnb3 - uoseag Mol YBiy 2861



18 sbeisae

s uznorg uosey;
8 2Me2q uewany L
iz : anaeg 5 winsgg 333

(UGnoig uasey 'wier] a1BeT uel UBLLnuL) jo sfoieaw ‘551 melaung,
1BUiS) 30IUSSIE il HULEA UQ PBsEq BI8 S3IN0T tuI0d 40) SUOKEUBSUDS SSL

@

(SUCSRES 12 401 BNIRA

:s8{aN
feg 196 ... .- .. igse. -.
30 &5 gy ave i} b i 8. o00eLeeL | Sz 123N Y4,
L8 sb 32 0 St - iPEBZI2EL . DURIST [SUUODI N
e 14 95 o] ' - ig68glact sgwin,g yiIopneld!
7€ 0s 314 0 i Z oy - 986gLast suty udig puersy
3g L 192 Q ZGvi- | <9 : - AT PR
ge 1S oLz Q €28 2 i : L - 8E6Siact . SSELL
8E 28 9.2 0 1G5 L 1 B3 - 968c128 StllsR,] sowwely;
9'sE 88 £€g 144 o] ILE6'36 . 4 ¢ - 108 : 23DEAY TIN UIB2(] XY
gt oy [FAY 0 12988 i T - 288228 1IN SMalbUV:
31 oy ¥4} a 11288 | b8} ' - el ixeg:
3'¢E orA 134 =744 +] 140°08 | - T - 0§8C12EL INI0N § uIh o LEMUDY]
13 £e SEL o] £94°8~ i . gyseLgss 13UStng 7 uBiMoY|
£t e oyi o] 188°¢1L- gt : - ige8iLesy U0 4 131U 13m07Y)
i ce bt 0 ELp L. il : - 123 TE SIS L -SAUBINDTY,
74 9e FA [+} 1T 3L L : SELLLZEL W04 s1ua’) 13ddny:
st L8 st Q gL gl ) - STLiLZeL TTON eNany;
£e 8e vee Q 19°0- &'Ll : N £08L13EL sdiing joraig;
00 €2 8€ 02 o] ! - igypiicel N3a17) usiputy
T [ 912 0 XA 151 : - £ : ALAM [ImPIED
4 ay 102 o} 1270 | . »OC i - e00LLSEL sauing Jaudesy
z op [~4e7 0 i2'0- 0T - ST sQuin,f A3J0IYS,
2z 134 yoe [s] b Jie ! . ; 1
£2 134 202 s} ELLTL . 61T : - o1
14 iy 0z 0 129°Cpt- 1 : &1T - .£6801L2EL
G0 34 FA 9¢€ 188y i Tl : - 49 1PIUIQIILD) A35130Y.
v [s}4 228 0 9 GgL. T - PREOLEEL 0158344y
g1 1e o 29r 9] iL5ETL i : $oL ! -~ {0860L2CL HI3IT) uoSTIY,
G0 ge Ve :4%4 4] ‘E8L T : it : - 6PROLZEL y3noig UuSTLN:
00 £ e 86t 0 1206781 | : YT . - SER0ITEL - UOIIPDHK B A3aLT MOIAL
G e e ose 0 1261°86 : kY ' - ive - : u3noig 111N,
Q90 2T oe 082 o] iZgLe | i 9 : - igea0Legt 43347 SNEAL)
' (4 ot 22 o] 1496°8 . oL i - 8280428 L9093 3 RO}
00 ¥4 e 65¢ Q 1L86°EE i 9T i - :92301ecL ¢ #=3033 4 JCIS!
sy g1 0e 444 0 19°6p : 8'LT - 048012t i WEH] Sy U}
16 5%
o0 g 148 841 [s] t4% 0G i L - UOWIPPIIN IV U
9 i [27AN 0 192 ! 15oooLzeL Uty yBIY [Pdmo(e);
L 14 16t o} Py EP H RS } B 06660281 . AUNOY UDAUED);
] 143 622 o £2°31« i O'%E - LR T J33uold NI
8 18 1874 0 18'0- 122 : . - g ] 1% exadn3;
Gt St 85¢ 0 |£°9- 199 €51~ : T'6E - {08p602E8L ¢ SSIIAU:
00 FAS 1 10 Mo nmo.w 980°CL X o yor = - 108p602EL ! upeaq upwiany g |
9t s v6e 0 80"t 70 ror o T ... . iobzBOZEL_ SIS U
gt Sk £6€ 0 ’ 60°L £20°0- Sop ! B CTigesgozer” 1T T T ddwng Taade
gL St 26 0 60°L £8L'99- ; EX : - 0LL9028L uouedLidy uolRpPHy|
13 9t asy Q 80°L S . N . - 08vg02st - STABC 14|
o0 5t 9t iy B ] iz i866EL | w zor : - io0y90zEL 313 B uieiq a12ed|
18 baad ¢] 161 10 1 4 R0 : - 80gg6ze. duing uof ‘U0l ;
-1 Opy Dwv.o la 1866°51 i §0F ' - 12 ; LAV 95109 1S3AY |
9t §iy 0 91 0 ! [N ) - 168290288 ¢ asejy p ey
gL 0 gy 1282 : o1 : . .28zg0zeL | TieS IS8y,
9 0 19t b , : Rl : - ‘06290281 - setoy [ uINIV
9L 0 9L 120°0~ : FEr : - 19iZ9088L | YiEd putisy sfaeg,
9t o] gL 19'0* : 0ty i - 04290281 SUILWE-A8au0
9l o] 91 12272~ . 9 ey : . 1S829028L . 3uL1u3feq
9l o] 91 18120 : s . 09290281 - 123Q[)15-weytiny
] 0 151 |z [ _ - 022302EL . atiq SBuLIGS wiaE gy
9t 0 gL fri- : =5 - 'S029028L 9oy dWsT.
9t o] =13 16°€ : N 28 . BOIUT} wan.
9t o] 91 {E824°61~ : yor ’ - 08080251 HIDIJ A MIN
gt ] 191 JEE0°E- : - £Y waiy jonded
al o] ipeeg- - ity ' Adfjey sy
ER : ; et | e L e e
co S -1 - - 100090eeL 33puq poomusisy IV Ug:
§ LUy 0 L - 1 L dLyAr 3G IIouT,
S 20% 0 L i M 0p9502eL ¢ ustun) sisutie 4.
g £6Y o] 3 : TN (Y uewsnyg L
00 s L6Y 0 L - 121850281 ¢ i g sdzurzaqy
g [o]:34 0 3 i - £195028L SHITJ AN as10q]}
g 88b Q S G - L16502EL ¢ slag]:
g 68y Iy] L S ! - 5168088 Sdatnag:
S 298 Q 3 e - 1002 : TAI0T) 1B LY IO
S 285 [+3 { s : - 06LYOSEL - M sToY,
g ¢8% 0 3 S i - 0L0p02€1L ufy J3aty}
) o] 8 g 91~ i - 0%0vQ2EL i HITN 1ss0Y
S 0 3 S 20 - - QZOP02EL S2AY:
g 0 t g o0 ¢ 5L N iS00KQZEL agng,
g 0 { S 8'5L1- i TN - 09480281 ydneyuapiy|
00 LG Yt 0. #1004 X - . it B PL i ,. o b9 i St e o [OLSE0ZEL | (] BOISISAI(] wopRg WAl
uoonpay (1/Bw) (b} (s)2) {AepyrL) (yow) {sp) uiseg 3N +f- "ON uoiels uanesa
uased UOHEUOSUOY  MO|d  uaneIUBdLoD Moig ~ peot UOHBNUBSULT MOl JSAIH Moo Suibeny
1BAIY JaAY JBIEMDUNDIL) I9|BMDUNOITY SSen pamseaw 10 Moty
Id [01U0Y) Uiy (BIUBWaIoY Aneg AW DUBLI0IY) {81U83484 Y6 = Z 1UBIN SUIBWI0ID = |) L LPNRUDEY "SUG D
‘SN euued [RuaWaIsY| mold ubi4 (v=y 312 ¢c 4= aH =) L uosEag “UBYH
*1d {OIILO Y uOTBIPOIN uempay  (URaW = & 'S0833XB W08 = ¢ UBIPBY = £ SPABIXB 9401 = L) 2 apnyufiey Mol
'S UoBIPPIN Mot ybi (d1=¢d1=22 a1 = 1) L IU0SRIG MO
1d j051L0D pooMUBID painsesy { (159 |19 oS} jabse ] = 7 painsedy = ) v 131G [ UONRIUAIU0D SS L
‘SN pocmudg ‘SIIICHD s 1NdN]
Bwos e 10w 0'LL  uownpay oN 1S3 1187 <+ 010D UOIENUSAIUCD |80IEt AU O L

126/02/6 91BN LeS) cuned 1B wntuy ‘Say Aep 0

‘des peat  yim Aepysuol Aegrsuoy
afBieyosig uchienuasuos jenbg - uoseag molz ubiy ZE61L



Appendix G
Summary of Point Source Data for the

Sensitivity Analyses
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